Abstract: Introduction: Essential oil (EO)-formulated dentifrices have significant effectiveness in reducing periodontal inflammation. This study aimed to review the role of dentifrices with EO formulations in periodontal healing. Methods: Databases were explored from 1968 until March 2010. The focused question was what is the impact of dentifrices with EO formulations on periodontal wound healing? Databases were searched using the following terms in various combinations: "essential oil," "periodontal healing," "mouthrinse," "mouth-wash" and "periodontitis." Results: Twenty studies were included. The numbers of participants ranged from 20 to 316 individuals (aged 18-70 years) and were rinsing with the EO-formulated dentifrices at least twice daily for 1 week to 48 weeks. Fourteen clinical studies showed reduced periodontal inflammatory conditions in the test group (individuals using EO dentifrices) compared with the placebo group. Three studies showed a reduction in periodontal pathogens in the test group compared with the placebo group. In 1 study, the microbiological findings remained inconclusive between the 2 groups. Conclusion: EO-formulated dentifrices have beneficial effects on the clinical and microbiological parameters of periodontal inflammation.
1
Several studies from the medical and dental science have demonstrated the popular and escalating usage of EOs as an adjunct to the conventional medical and dental treatments. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] The oral biofilm (dental plaque), which contains a variety of native oral microbiota, plays an essential role in the initiation and progression of oral inflammatory conditions, including dental caries and periodontal disease. [7] [8] [9] [10] [11] [12] [13] Mechanical debridement of dental plaque is usually performed for plaque removal and control. 10 This treatment strategy aims at reestablishing periodontal health by reducing the bacterial load in periodontal pockets and intraoral sites. However, the above protocol does not always yield promising results. Under certain circumstances (for example in patients with periodontitis and in medically compromised individuals), 14, 15 additional agents are used as adjuncts to mechanical plaque control to enhance periodontal healing. Use of mouthrinses is by far the most frequently tested vehicle for chemical plaque control by self-care. This product has been used for centuries as a breath freshener and as an antiseptic. Two chemotherapeutic mouth-washes, chlorhexidine (CHX) and EO-formulated mouthrinses, are commonly used for the control of supragingival plaque and gingivitis. 1 Although CHX, a bis-guanide antiseptic, seems to be an effectual agent in use, its long-term use has been associated with several side effects, including staining of teeth and taste alteration. 1 Studies [16] [17] [18] have reported that EO-formulated dentifrices and its flavor variants had significant effectiveness in long-term clinical trials showing reduction of existing plaque and gingivitis. This may be explained by the ability of EOs to penetrate mucous membranes and their antimicrobial, tissue conditioning, connective tissue rebuilding and antihalitosis properties. 19 However, limited data exist on the efficacy of EO-formulated dentifrices in connection to periodontal inflammatory conditions. Because many EOs have been used as adjuncts in conventional medical therapies and have shown beneficial effects on periodontal healing, the aim of the current study was to review the impact of dentifrices with EO formulations on periodontal healing.
MATERIALS AND METHODS

Objective and Focused Question
The objective of the current literature review was to evaluate the impact of dentifrices with EO formulations on periodontal wound healing. In this regard, the addressed focused question was what is the impact of dentifrices with EO formulations on periodontal wound healing?
Eligibility Criteria
The following eligibility criteria were imposed: (a) original studies and randomized control trials; (b) experimental studies; (c) control group: use of dentifrices without EO formulations; (d) reference list of potentially relevant original and review articles; (e) intervention: impact of dentifrices containing EO formulations in periodontal healing; (f) use of statistical analysis; and (g) articles published only in English language.
Letters to the editor, historic reviews and unpublished papers were excluded.
Search Strategies
The authors searched the MEDLINE/PubMed (National Library of Medicine, Bethesda, Maryland), Google Scholar and Cochrane library databases for appropriate articles addressing the focused question. Titles and abstracts of articles obtained using the criteria described above were then screened by the authors and checked for agreement. The full text of the articles judged by title and abstract to be relevant were read and independently evaluated against the stated eligibility criteria. Databases were searched from 1968 up to and including March 2010 using the following terms in various combinations: dentifrice; essential oil; periodontal healing; mouthrinse; and periodontitis.
Hand-searching of the reference lists of original and review studies that were found to be relevant in the previous step was performed, and any disagreement between the authors was resolved through discussion. The initial search strategy initially yielded 41 articles. Scrutiny of the titles and abstracts reduced the number of articles to 20, which were processed for data extraction (Table 1) . Twenty-one studies, which did not comply with the selection protocol, were excluded as shown in Table 2 (also see Appendix).
RESULTS
All studies 5,7-9,12,16-18.20-31 were either performed at universities or oral healthcare centers and were double-blinded randomized control trials. Of these, 18 studies 5,7,8,12-16-18,21-31 were clinical and 2 studies 9, 20 had an experimental research design. In the clinical studies, 5, 7, 8, 12, [16] [17] [18] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] the numbers of participants ranged from 20 to 316 individuals and their age ranged from 18 to 70 years. In these studies, the participants were rinsing with the EO-formulated dentifrices at least twice daily, and the duration of use of EO-formulated dentifrices ranged from 1 week to 48 weeks. In 5 clinical studies, 16, [21] [22] [23] [24] there were more female participants compared with male participants, whereas in the remaining clinical stud-ies, 5, 7, 8, 12, [16] [17] [18] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] there was no difference in sex. Fourteen studies 5, 7, 8, 12, [16] [17] [18] [24] [25] [26] [27] [28] [29] [30] showed a reduction in clinical parameters of periodontal inflammation (plaque index, gingival index and probing depth) in the test group (individuals rinsing with EO-formulated dentifrices) compared with the placebo group. Four clinical studies [21] [22] [23] 31 reported no significant differences in parameters of periodontal inflammation in the test and placebo groups. The duration of rinsing ranged from 30 to 60 seconds.
Results from 3 studies 9, 20, 26 showed a reduction in periodontal pathogens in the test group compared with the placebo group. Even though the results by Cavalca Cortelli et al 12 showed a reduction in periodontal inflammatory parameters in the test group compared with the placebo group, the microbiological findings remained inconclusive.
DISCUSSION
Over the years, several strategies have been adopted to assist in the removal of plaque because tooth brushing alone does not adequately control, especially in patients with periodontal inflammatory conditions. 13 In 1987, the approval of EO-formulated dentifrices was based on clinical studies satisfying the criteria set by the American Dental Association. 32, 33 The incorporation of EO-formulated dentifrices as adjuncts to conventional periodontal maintenance programs has gained importance with the recognition that EO-formulated dentifrices enhance the periodontal healing process. 34 In addition to their antiplaque and antigingivitis properties, EO-formulated dentifrices have also been shown to have a protective effect on the enamel and dentin. Wiegand et al 35 investigated the effect of Schach (1968) Simplified method of preparation of the zinc oxide-bergamot oil gingival dressing
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The complete details of the 21 excluded studies are given in the Appendix.
Role of Essential Oils in Periodontal Healing
Ó 2012 Lippincott Williams & Wilkins olive oil and an olive oil-containing fluoridated mouthrinse on enamel and dentin erosion. The results showed that olive oil offered protection against enamel and dentin erosion when applied as 2% emulsion or 2% olive oil-containing mouthrinse. 35 The mechanisms of action of EO-formulated dentifrices against bacteria are complex. The EOs penetrate the plaque biofilm, thereby exerting a bactericidal activity against embedded bacteria and retarding their multiplication. At high concentrations, there is disruption of the cell wall and precipitation of cell proteins, whereas at lower concentrations, EOs inactivate the bacterial enzymes. 36 From the literature reviewed, we observed that the participants using EO-formulated dentifrices were recommended to use the vehicle at least twice daily for at least 30 seconds. In an in vitro study, Ross et al 37 reported that rinsing for at least 30 seconds with EO-formulated dentifrices kills a wide range of microorganisms. Although the longterm use of CHX has been associated with occurrences of side effects, the use of EO-formulated dentifrices has been shown to be safe without any undesirable side effects or shifts in the supragingival microbial composition in the long run. 29, 38 In addition to reducing periodontal inflammatory conditions, the use of EO-formulated dentifrices also helps to reduce halitosis. Yaegaki and Sanada 39 investigated the effect of an olive oil-containing mouthrinse on oral malodor and found that more than 80% of volatile sulfides were removed compared with only 30% when using the placebo.
CONCLUSION
EO-formulated dentifrices have beneficial effects on the clinical and microbiological parameters of periodontal inflammation. However, the use EO-formulated dentifrices cannot be considered as a substitute to the daily oral hygiene maintenance protocols.
APPENDIX
The complete details of the list of 21 excluded studies mentioned in Table 2 are as follows:
